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Abstract 
 Objective. To test the impact of a theory-based, SMS (text message)-delivered behavioural 
intervention (Healthy Text) targeting sun protection or skin self-examination behaviours compared to 
attention-control.  
 Method. Overall, 546 participants aged 18–42 years were randomised using a computer-
generated number list to the skin self-examination (N = 176), sun protection (N = 187), or attention-control 
(N = 183) text messages group. Each group received 21 text messages about their assigned topic over 
12 months (12 weekly messages for three months, then monthly messages for the next nine months). 
Data was collected via telephone survey at baseline, three-, and 12-months across Queensland from 
January 2012 to August 2013. 
 Results. One year after baseline, the sun protection (mean change 0.12; P = 0.030) and skin self-
examination groups (mean change 0.12; P = 0.035) had significantly greater improvement in their sun 
protection habits (SPH) index compared to the attention-control group (reference mean change 0.02). 
The increase in the proportion of participants who reported any skin self-examination from baseline to 12 
months was significantly greater in the skin self-examination intervention group (103/163; 63%; P < 
0.001) than the sun protection (83/173; 48%), or attention-control (65/165; 36%) groups. There was no 
significant effect of the intervention for participants who self-reported whole-body skin self-examination, 
sun tanning behaviour, or sunburn behaviours.   
 Conclusion. The Healthy Text intervention was effective in inducing significant improvements in 
sun protection and any type of skin self-examination behaviours.  
 
 Trial registration. The Australian and New Zealand Clinical Trials register 
(ACTRN12612000577819). 
 Funding. Cancer Australia 1011999.  
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Introduction 
 
 Melanoma incidence rates vary widely across the world, but are highest in countries with a large 
proportion of Caucasians and high ultraviolet radiation (UVR) such as Australia/New Zealand (age 
standardised incidence 40/100000 in men and 30/100,000 in women), where rates are about double 
compared to those observed in the United States of America (U.S.A.), Northern, or Western Europe 
(Ferlay et al., 2013). Among Australians 15–44 years, melanoma is the most common cancer (loss of 
22,300 disability-adjusted-life-years [DALYs] each year) (Australian Institute of Health and Welfare, 
2010). While most skin cancer deaths are attributable to melanoma (1,430 deaths per year) keratinocyte 
cancers cause 420 deaths per year, and costed the Australian health system $511 million in 2010 
(Fransen et al., 2012).  
 Risk factors for all skin cancers include sun exposure, susceptible skin, eye, or hair colour, and a 
propensity to burn (Green et al., 1999). Sunburn reflects the biological active dose of UVR people receive 
relative to their skin melanin density (Del Bino and Bernerd, 2013). Additionally, melanoma is associated 
with large numbers of naevi, family history, or genetic predisposition (Armstrong and Kricker, 2001; 
Dennis et al., 2008; Veierod et al., 2003). The 2010 U.S. National Health Interview Survey data (N = 
24,970) revealed sunburn was most common among younger adults (52.0%), those with sun-sensitive 
skin (45.9%), white ethnicity (44.3%), those with a family history of melanoma (43.9%), the highly 
physically active (41.7%), and indoor tanners (44.1%) (Holman et al., 2014).  
 Prevention programs focused on preventing skin cancer have been conducted in Australia, the 
U.S.A., and form part of the European Code against Cancer (Dobbinson et al., 2014; Glanz et al., 2001; 
Lombard et al., 1991; Volkov et al., 2013) for at least the past 20 years. More recently, providing health 
promotion programs via short message service (SMS) has been successfully trialled for various health 
behaviours (Cole-Lewis and Kershaw, 2010; Fjeldsoe et al., 2009), often achieving small to moderate 
effect sizes. However, success has been heterogeneous, with greater effect for smoking cessation and 
physical activity interventions. Tailored and personalised messages produced larger effects (Head et al., 
2013). One factor that limited the observed impact of the studies was the changes in desired behaviour in 
both the control and intervention groups (Waters et al., 2012; Waters et al., 2011).  
 Few studies have used SMS-delivered interventions for sun protection or skin examination 
behaviour outcomes, and the U.S. Surgeon General called for more research in this area (U.S. 
Department of Health and Human Services, 2014). One study reminded adults via SMS to use sunscreen 
and observed a significant increase in use in the intervention group (Armstrong et al., 2009). Another 
tested the value of sun-safe SMS messages on mobile phone subscribers (Gold et al., 2011). Further, 
SMS messages formed part of a comprehensive interactive computerised education program for 
dermatology clinic participants (Aneja et al., 2012a; Aneja et al., 2012b).  
 The aim of the Healthy Text study was to test in a randomised trial design the impact of a social 
cognitive theory-based, SMS-delivered behavioural intervention targeting either sun protection or skin 
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self-examination behaviours compared to attention-control, with the main outcomes being sun protection, 
skin self-examination, as well as sunburn in a population aged 18–42 years at high risk of skin cancer.   
 
Methods 
 
Study design and participants 
 
 The Healthy Text trial, conducted in Queensland, Australia used a three-group design with two 
intervention groups (sun protection or skin self-examination) and an attention-control group which 
received an equivalent number of messages about physical activity. Approval was received from the 
Queensland University of Technology’s ethics committee (QUT1100000942). All efforts were made to 
keep the trial information and consent forms generic rather than specifically referring to skin cancer. This 
trial was designed in accordance with the guidelines published by the Consolidated Standards of 
Reporting Trials group (CONSORT), except for blinding of participants to intervention type (not possible 
due to the nature of the behavioural intervention).  
 A random sample of 15,000 men and women 18–42 years of age (the upper age range was 
determined by the groupings in the recruitment source database) from the Queensland electoral roll or 
Medicare register (the population wide free health insurance for Australian residents) were invited to 
participate via mailed invitation from January–May 2012. Of the 678 (4.5%) potential participants who 
indicated interest by email, text message, or return mail, 574 (84.7%) were eligible and 546 completed 
the baseline telephone interview. Complete data was available for 512 (93.7%) participants at the end of 
the intervention period (August 2013). 
 
Randomisation and masking  
 
 After the baseline telephone survey conducted in the southern hemisphere autumn (March to 
May), participants were randomised using a computer-generated random number list. The randomisation 
list was derived by the study statistician, separate from all other study procedures. The interviewers were 
blinded to the participants’ group allocation.  
 
Interventions  
 
 Participants received weekly SMS over 12 weeks in the southern hemisphere winter (in 
Queensland, people receive almost as much personal ultraviolet exposure in winter as in summer) (Neale 
et al., 2010) and then completed the three-month follow-up telephone interview. Thereafter, participants 
received monthly text messages for the remaining nine months, resulting in a full year of intervention 
delivery to accommodate potential differences in sun protection by season. The intervention was followed 
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by a 12-month telephone interview. Text messages were designed using data from a pilot study (Mair et 
al., 2012), examples from a previous physical activity text-message study (Fjeldsoe et al., 2010), and 
according to social cognitive theory (Bandura, 1986). Messages were personalised using participants’ 
name and gender, skin cancer risk factors (e.g., hair colour), number of times being sunburnt, previous 
performance of skin self-examinations (Janda et al., 2013b), and reviewed for quality (Centers for 
Disease Control and Prevention, 2012).  As previously reported (Janda et al., 2013b), they aimed to 
address the constructs of the social cognitive model, such as increasing self-efficacy (example message: 
<Participant Name>, melanoma rarely has symptoms so look out for the AC rule when checking your 
moles   ASYMMETRY (halves that differ) and more than one COLOUR.  HealthyTexts); Building 
behavioral capacity (example message: Hi <Participant Name>. Always have your exercise clothes clean 
& ready. Leave your shoes where you can see them to remind you. HealthyTexts); or guiding outcome 
expectations (<Participant Name>, it's great that you have thought about reducing your risk of skin 
cancer. Make this a reality by protecting your skin from the sun when outdoors. HealthyTexts).   
 
Main outcome measures  
 
 A telephone survey company independent from the researchers collected all outcome data 
across Queensland. The main outcome measure for sun protection behaviours was the sun protection 
habits (SPH) index developed by Glanz et al (Glanz et al., 2009; Hall et al., 2009). This index correlates 
well with other measures of sun protection evidencing its validity and has good test-retest reliability (0.78) 
(Janda et al., 2013b). It queries the frequency of six sun protective methods that are used when outdoors 
between 10am and 3pm (4-point Likert scale, 1 = never/rarely to 4 = always) including: wearing a shirt 
with sleeves, sunglasses, hat or sunscreen, staying in the shade, and limiting time in the sun during 
midday hours. Answers to the six questions are averaged (range: 1–4). Data on sunburn (any/frequency) 
and suntan over the past 12-months were also collected. 
 For skin self-examination outcomes, participants were asked whether (ever, during the past 3 
months and during the past 12-months), “you or someone who is not a doctor, such as your spouse or 
partner, deliberately checked any part of your skin for early signs of skin cancer”. For those who 
answered yes, a series of questions assessed frequency and thoroughness (any, part-body, whole-body). 
We used these questions in previous studies (Aitken et al., 2004; Janda et al., 2011a) and found them 
reasonably reliable (better reliability with shorter recall periods) (Aitken et al., 2004). We also collected  
data on participants’ socio-demographics, skin cancer risk factors (hair, eye/skin colour, tendency to burn, 
ability to tan, personal or family history of skin excisions, or skin cancer), and measures to allow 
assessment of whether behaviour change was enacted through the proposed components of the social 
cognitive theory (data not reported here). At the end of the 12-month interview, two questions assessed 
overall level of satisfaction with the intervention and importance of the allocated health behaviours (10-
point Likert scales, 1 = not at all to 10 = extremely satisfied; 1 = unimportant to 10 = very important, 
6 
 
respectively). As measures of engagement, we asked whether participants’ sent a message back to 
Healthy Text, whether they referred back to the SMS’s after receiving them, or forwarded them to a 
friend/family member.  
 
Statistical analyses 
 
 Sample size calculations were reported previously (Janda et al., 2013b) and indicated that at 
least 126 participants per group were required. The intention-to-treat principle was used for analysis. The 
change from baseline in the SPH index score was compared for each intervention to the attention-control 
group using t-tests. For binary outcomes, logistic regression analyses were used to compare intervention 
and control groups at each time-point; generalised estimating equations for overall group-by-time 
interactions. To assess whether the intervention was more effective for subgroups based on commonly 
known differences in response to behavioural sun protection or sun exposure interventions (moderator 
analyses), we compared the odds of performing any skin self-examination in the past three-months at 12-
month follow-up by age (<32 years versus age ≥32 years), gender (male versus female), skin colour (very 
fair/fair versus medium/olive skin), and baseline skin self-examination intentions (yes versus no). We also 
calculated the mean difference in SPH index score between the sun protection intervention group and the 
control group by age, gender, skin colour, and baseline intention to reduce skin cancer risk. 
 
Results 
 
 Figure 1 presents participant flow through the study (The Consort Group, 2009). As reported 
previously (Janda et al., 2013b), the groups were well balanced at baseline with only a few exceptions, 
specifically a larger proportion of skin self-examination group participants indicted they had attempted to 
suntan during the past year (p<0.012) (Table 1).  
 From baseline to three months, SPH index change was similar between the groups. By 12-
months, both the sun protection and skin self-examination groups’ scores improved on average by 0.12, 
significantly more than the change observed in the attention-control group (0.02) (Table 2). The group-by-
time interaction for the SPH index was significant, with both intervention groups increasing their sun 
protection more compared to the attention-control group (skin self-examination: P = 0.050; sun protection: 
P = 0.032) (Table 2). 
 The proportion of participants who reported any skin self-examination did not change significantly 
in the attention-control group from baseline to 12-months follow-up (8.1% change), but increased by 
26.4% (P < 0.001) in the skin self-examination group. After three-months, the proportion of participants 
reporting a whole-body skin self-examination increased from baseline for all three groups with no 
statistical significant differences between groups. By 12-month follow-up all three groups had returned to 
baseline rates of whole-body skin self-examination (Table 3). We observed a significant group-by-time 
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interaction for any type of skin self-examination at both three- (P < 0.001) and 12-month follow-up (P < 
0.001) in the skin self-examination group compared to the attention-control group. There were no 
significant group-by-time interaction findings for the other main outcomes reported in Table 3.  
 The proportion of participants reporting any sunburn decreased by about 10% from baseline to 
12-months, and decreased by about 17–21% in all three groups over time for two or more sunburns. 
Although not statistically different between the groups, the proportion of participants who reported 
attempting a suntan in the past 12-months increased for the attention-control (5.3%) and sun protection 
groups (2.3%), but decreased for the skin self-examination group (3.7%) (Table 3).  
 In subgroup analyses, the skin self-examination intervention appeared to be somewhat more 
effective for participants younger than the participants’ mean age of 32 years, those with fair/very fair skin 
phenotype, and those who had made plans at baseline to check their skin for early signs of skin cancer 
compared with control (Figure 2). 
 The sun protection intervention appeared to be somewhat more effective for males, those with 
very fair/fair skin phenotype, and those who had made plans at baseline to reduce their risk of skin cancer 
compared with control (Figure 3). However, all confidence intervals in the interactions studied overlapped.  
 Participants’ average level of satisfaction with the intervention messages was 6.79 (SD = 2.07; 
range: 1–10), and similar between the three groups (F (2, 498) = 2.54, P = 0.08). Overall, 33% (167/501) 
of participants reported referring back to the messages (χ² (4, 501) = 4.80, P = 0.31) with no difference 
between the groups. Around 17% (84/501) of participants forwarded the messages to friends/family with 
no differences between the groups (χ² (4, 501) = 5.39, P = 0.25). The majority of participants read then 
stored the messages (337/501, 67%), others read and deleted them (155/501, 31%), while a few deleted 
them before reading (9/501, 2%). The overall mean importance rating of the health behaviours was 7.23 
(SD = 2.11) with little difference between the groups (F (2, 497) = 0.34, P = 0.71). 
 
Discussion 
 
 Our study found that text messages about sun protection or skin self-examination significantly 
improved the self-reported sun protection among intervention participants, compared to those in the 
attention-control group, 12-months after baseline. Text messages about skin self-examination significantly 
improved the proportion of participants’ who reported conducting any, but not specifically whole-body skin 
self-examination compared to attention-control. There was no significant intervention effect on the 
proportion of participants who self-reported being sunburnt, with all three groups reporting decreasing 
rates in this outcome.   
 The improvements in sun protection observed in the present study were significant compared to 
the attention-control, but small in absolute terms, increasing by only one quarter of a standard deviation. 
The intervention effect was considerably smaller (0.12 points) than that reported in the U.S. SCAPE 
intervention (Glanz et al., 2010) (0.23 points) where intervention delivery was via a tailored mail 
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intervention package. However, other studies using telephone-delivered intervention sessions, similarly 
achieved only small improvements in sunscreen use, and no significant change in sun avoidance (Head 
et al., 2013; Prochaska et al., 2004). Armstrong et al.’s intervention was more successful using SMS-
delivered reminders with a significant increase in the proportion of participants who dispensed sunscreen 
daily (56%) compared to control (30%) (Armstrong et al., 2009). Placed into the context of these previous 
studies, and considering the relatively low intervention intensity (21 text messages over one year), this 
intervention compares reasonably well with regards to its efficacy, but may not have been intensive 
enough to significantly reduce sunburn rates. Intervention messages were specifically designed to 
address each of the social cognitive theory constructs to optimise the likelihood of behaviour change 
occurring. This may have contributed to the positive changes observed, but may not have targeted 
barriers (such as desire for a tan) sufficiently. It was interesting to note that the skin self-examination 
group improved their sun protection behaviours to a similar degree as that observed in the sun protection 
group. It may be that repeated messages about early detection of skin cancers and encouragement to 
conduct skin self-examination also prompted participants to consider skin cancer risk more broadly.   
 Interventions aiming to improve self-examination behaviours have targeted increases in 
prevalence, thoroughness, or accuracy. Boone and colleagues (Boone et al., 2009) examined the 
thoroughness of deliberate skin self-examinations after distributing an educational and skills training 
intervention to either individuals or couples, and observed greater effect in the partner intervention group 
(Boone et al., 2009). In comparison, our SMS-delivered intervention only increased the proportion of 
people who conducted any, but not whole-body (a marker for thoroughness) skin self-examination. Thus, 
there may be a need to include more partner-relevant messaging in the future. Other studies (Chiu et al., 
2006; Hamidi et al., 2008) have sought to improve the accuracy of skin self-examinations using mole-
mapping diagrams or photographs of skin lesions. One study (Chiu et al., 2006) suggested that drawing 
moles on a diagram may help people identify new skin lesions. Another study (Hay et al., 2006) found 
that the provision of a whole-body digital photography book depicting the entire skin surface increased 
skin self-examination adherence and self-efficacy beliefs. Video-based interventions which provide 
detailed instructions on how to self-examine achieved positive changes, with increases in skin self-
examination knowledge and thoroughness (Janda et al., 2011b; Loescher et al., 2010). Video-intervention 
group participants tended to check the back more and conducted skin checks more frequently (Janda et 
al., 2011b). In the future, multimedia messages could provide people with examples of benign or 
malignant skin lesions, or a body map to encourage the examination of body areas that individuals may 
not yet have included in their skin check. Overall to date, assessment of skin self-examination prevalence 
and thoroughness was largely by self-report, with little apparent validation, which could change in the 
future with the increasing use of mobile photo-documentation (Janda et al., 2014; Janda et al., 2013a).  
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Study strength and limitations 
 
 Participants may have self-reported a higher SPH index in contrast to their real-life behaviours 
due to social desirability or reporting bias; however, this should be similar between the groups. Our 
intervention individualised messages with regards to some important baseline characteristics such as skin 
and hair colour, sunburn within the past year, and previous skin self-examination behaviours. However, 
further individualisation of the text messages based on participants early action may have improved the 
response to the intervention (Borschmann et al., 2012), as level of concern with sun protective and skin 
examination behaviours may have changed during the intervention period. Future research could use a 
smart design and randomise participants more than once if their response to the initial intervention is 
small (Free et al., 2011). Furthermore, participants’ level of change may have depended on their 
preference for the allocated text message group. However, we did not find a significant difference 
between groups in overall satisfaction with the intervention or importance of the assigned health 
behaviour. Some participants commented that the messages were too infrequent (i.e., sent weekly for the 
first three months, then monthly for the remaining time); however, it is likely this needs to be balanced as 
potentially messages that are too frequent could be treated as spam. Future health promotion programs 
delivered via SMS could allow participants’ to control timing, frequency, and intensity. While we report 
here on some main moderators, full mediational analyses still needs to be undertaken and is not included 
here. It will be interesting to establish whether behaviour change effected through the main constructs 
proposed by the social cognitive model or different pathways. 
Participants began the intervention during the southern hemisphere winter as the weather is 
usually very stable, sunny and warm (daytime temperature around 20 to 25 degree Celsius) and we 
expected very similar conditions to occur at the 12 month assessment. In comparison the weather is 
much more variable in summer and may have confounded our measurements. In addition, we previously 
found that people in Queensland receive almost as much personal ultraviolet radiation in winter as in 
summer, most likely due to warm and dry conditions likely to foster participation in outdoor activities. 
(Neale et al., 2010). In addition, during winter the population is less likely to use sun protection, and this 
may have contributed to the only very small changes in use of sun protection seen at the three month 
assessment. It is possible that more significant increases may have been observed had the intervention 
started at the beginning of summer. 
 To avoid a strong control group effect, which is frequently observed in behavioural intervention 
trials (Waters et al., 2012), we kept the recruitment and enrolment procedures general and health 
behaviour-focussed. We did not specifically inform participants that our trial targeted improvements in skin 
cancer-related behaviours, as it was not possible to fully blind our participants to the intervention they 
received or our main target behaviours. The low recruitment response rate meant that the final sample 
was probably more health conscious than the general population of a similar age. This could be 
interpreted encouragingly as the intervention led to changes in individuals who were already health 
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conscious at baseline. Thus, it is possible that a greater change could be obtained among the general 
population who may have lower levels of sun protection and skin self-examination behaviours than 
observed here at baseline. Finally, the impact of text messaging may diminish over time and longer 
studies are needed to assess this. 
 
Conclusions 
 In conclusion, the SMS-delivered intervention was far-reaching, flexible, and individualised. While 
it showed some promising impact on sun protection and skin self-examination behaviours, future research 
could consider using multimedia text messages or a more flexible SMS program design allowing for 
participant input into program features. The addition of visual components that highlight sunburn, 
appropriate sun protective clothing, or thorough skin self-examination practices may help to further 
improve these behaviours.   
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